ABSTRACT: Jersey cattle are known for producing carcasses with a greater amount of marbling, but they require more days on feed to achieve acceptable market weights compared with other breeds. The objective of this study was to evaluate the effect of dietary forage (12 vs. 24% sudangrass:alfalfa hay, DM basis) in steam-flaked, corn-based finishing diets on carcass characteristics, beef palatability, and retail color stability of steaks from Jersey beef compared with conventionally fed commodity beef strip loins (COM) of identified quality (Choice − and Select + ). Jersey steers (n = 77) were blocked by BW and randomly assigned to 1 of the following treatments for a 383-d trial period: Jersey low 12% (JL; n = 38) or Jersey high 24% (JH; n = 39) forage (DM basis). A comparison group was selected from conventionally fed cattle on the same day of slaughter as the Jersey treatments, and strip loins from USDA Select + (COM; n = 20) and Choice − (COM; n = 20) were removed for data analysis. Seventy-two hours postmortem, strip loins were removed, vacuumpackaged, and aged at 3°C for 18 d postmortem. After the aging period, steaks from the LM were sliced, vacuum-packaged, and frozen (−20°C) until analyzed. Jersey steaks had reduced (P < 0.05) Warner-Bratzler shear force values compared with COM steaks. Trained sensory panelists rated JL greater (P < 0.05) for initial and sustained tenderness and initial juiciness than COM, whereas JH was intermediate. As expected, marbling was greater (P < 0.05) for both JL and JH compared with COM, and trained sensory panel sustained juiciness, beef flavor intensity, and overall acceptability scores were greater (P < 0.05) for both JL and JH compared with COM; however, no differences (P = 0.14) were reported for consumer tenderness and flavor. Objective color (L*, a*, b*) measurements decreased (P < 0.05) over time across treatments. There were no differences among treatments for lightness (L*); however, overall during retail display JL were less (P < 0.05) red (a*) and yellow (b*) than JH and COM. Subjective color scores indicated both JL and JH were less red (P < 0.05) than COM. Steaks from Jersey were equal to and on some measurements more desirable than steaks from COM carcasses for both color stability and palatability. These results suggest that dietary forage level had minimal effects on carcass characteristics and beef palatability. However, feeding a low-forage diet decreases input cost and potentially results in a greater valued carcass. Finishing long-fed (383 d) Jersey steers can meet beef industry expectations with respect to quality grade.
INTRODUCTION
Consumers have indicated that beef tenderness is an important attribute (Huffman et al., 1996) . It has been reported that consumers are willing to pay more for beef products that are known to be tender (Boleman et al., 1997; Miller et al., 1998) . Purchas and Barton (1976) reported that beef from Jersey steers was superior in tenderness compared with other breeds. Marbling is highly correlated to sensory tenderness ratings (Seideman et al., 1998) , juiciness, and beef flavor (Platter et al., 2003) . Jersey cattle demonstrate the potential to produce a highly marbled product (Albertí et al., 2008) and thus may create the opportunity for a niche market. However, Jerseys are recognized as one of the slowest growing breeds of cattle (Barton et al., 1994; Albertí et al., 2008; Lehmkuhler and Ramos, 2008) .
The objective of this study was to investigate the effects of an increased level of forage in finishing diets on carcass characteristics, palatability, and retail color stability of Jersey beef compared with beef from conventionally fed commodity beef of indentified quality [Choice (Ch) − and Select (Se) + ]. We hypothesize that 1) variations in forage level are expected to affect carcass characteristics and sensory attributes of Jersey beef, 2) forage level is expected to affect color stability, and 3) sensory panel scores for Jersey steaks are expected to meet or exceed expectations of steaks from conventionally fed commodity beef based on quality grade (Se + and Ch − ).
MATERIALS AND METHODS
Animal care followed the guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1998) .
Jersey steers (n = 77) were blocked by BW and assigned within BW grouping to 16 pens (4 or 5 steers/ pen). The groups were randomly assigned to 1 of 2 treatments. The treatments included steam-flaked, corn-based growing and finishing diets supplemented with 12 (JL) vs. 24% (JH) forage (DM basis) with one-half the forage coming from alfalfa hay and the other one-half coming from sudangrass hay. Fresh feed was delivered twice daily to the feed bunks in each pen. Jersey steers were implanted with Synovex-S (Fort Dodge Animal Health, Overland Park, KS) when they achieved an average BW of approximately 160 kg, and reimplanted with Synovex-Plus (Fort Dodge Animal Health) 180 and 90 d before slaughter (Table 1) . Jersey steer BW were monitored to evaluate growth performance for the 383-d trial period before the slaughter date. The feeding trial and animal care were conducted and supervised by R. A. Zinn at the University of California Desert Research and Extension Center, El Centro.
Jersey steers (n = 77) were humanely slaughtered on the same day in a USDA-inspected facility at National Beef in Brawley, CA. Jersey steer final BW (reduced by 3% to represent a standard industry shrink) were recorded before shipment to the plant to determine dressing percentage. For comparison, commodity beef (COM) loins (meeting the industry average of the majority of boxed beef sold in the United States) were selected from conventionally raised feedlot cattle from the Imperial Valley in Southern California on the same Based on tabular values for individual feed ingredients (NRC, 1996) .
slaughter date as the Jersey steers. Cattle entering the National Beef Plant are predominantly (75%) Holstein influenced, and the remaining cattle are of crossbred beef breed origin. Commodity beef loins were selected from carcasses based on known quality attributes, Ch − (n = 20) and Se + (n = 20) and not a targeted breed. Selection was based on data reported in the 2005 National Beef Quality Audit (Garcia et al., 2008) , which reported that in the US beef industry 33% of all beef carcasses are Low Choice and 31% are Select, resulting in a combined percentage of 64%, a majority of the US commodity boxed beef.
Data were collected for all treatments and the comparison group (with the exception of BW and dressing percent). Hot carcass weights were obtained, and carcasses were chilled at 2°C for 48 h then split between the 12th and 13th ribs for carcass quality and yield grade variables. Carcass attributes measured or calculated or both were as follows: 12th-rib fat depth, LM area, KPH, marbling, maturity, USDA Quality grade, USDA Yield grade, and ultimate pH. Hunter L*, a*, and b* (Minolta Chroma Meter CR-310 colorimeter, Minolta Corp., Osaka, Japan) values were measured for carcass fat color (along the lateral side of the carcass) and on the cut surface of the LM (lean color measurement). Values for L* assessed darkness to lightness (0 to 100), for a* the red (+ value) to green (− value) spectrum and for b* the yellow (+ value) to blue (− value) spectrum.
After data collection, strip loins were identified, excised from the left side of each carcass, vacuum packaged, and shipped fresh to The Ohio State University Department of Animal Sciences Meat Science Laboratory for analyses. As a result of collection and shipping, all strip loins were aged for 18 d (PM) at 2°C.
After aging, steaks measuring 2.54 cm in thickness were fabricated using cutting guides to provide uniformity and consistency. The anterior end was squarely faced, and steaks were fabricated (progressing from the anterior to posterior end) for analysis of retail display color (objectively and subjectively), Warner-Bratzler shear force (WBSF), proximate composition (percentage total lipid, protein, moisture, and ash), and sensory evaluation (consumer and trained sensory). For each strip loin within treatment, steaks 1, 2, 3, and 4 were designated for retail display, WBSF, trained sensory evaluation, and proximate composition, respectively. Steaks (n = 16 per treatment) were randomly selected for consumer sensory evaluation. Steaks for retail display were placed immediately on Styrofoam trays (Genpak, Glens Falls, NY) and overwrapped with an oxygen-permeable plasticized polyvinyl chloride (pPVC) packaging film (Huntsman Packaging Corporation, Uniontown, OH). The steaks designated for WBSF, trained sensory evaluation, and proximate composition were vacuum packaged and frozen (−20°C) for later analysis.
Subjective and Objective Color Evaluation
Steaks packaged for retail display were randomly positioned on tables displayed under continuous, 1,600 lx of deluxe, warm-white, fluorescent lighting (bulb type: F4OT12, 40-W, Phillips Inc., Somerset, NJ) for 5 d at 3°C to simulate retail display. Steaks were evaluated subjectively and objectively for color and appearance attributes.
Subjective color evaluation was determined by trained visual color panelists (n = 6) over 5 consecutive days of simulated retail display. Panelists evaluated display color and surface discoloration once daily for d 1 to 5 of display. The display color scale used was as follows: 1 = very bright red; 2 = bright red; 3 = dull red; 4 = slightly dark red; 5 = slightly dark red or reddish tan; 5.5 = borderline acceptable to panelists; 6 = moderately dark red to tannish red; and 7 = tan to brown. Scores for display color were reported in half-point increments. Steak surface discoloration was evaluated as a percentage of metmyoglobin formation using the following scale: 1 = none (0%); 2 = slight discoloration (1 to 19%); 3 = small discoloration (20 to 39%); 4 = modest discoloration (40 to 59%); 5 = moderate discoloration (60 to 79%); 6 = extensive discoloration (80 to 99%); and 7 = total discoloration (100%). Discoloration scores were reported to the whole point. Scores of the panelists were averaged for statistical analysis.
Objective color measurements were conducted using instrumental color values of Hunter L*, a*, and b* values measured using a Minolta Chroma Meter CR-310 colorimeter (Minolta Corp., Osaka, Japan) on all days of display. Values for L*, a*, and b* were described in fat and lean color measurements on all carcasses. All L*, a*, and b* values were collected in triplicate through the pPVC film from random sites.
WBSF and Cooking Loss
Steaks for WBSF were thawed for 24 h at 4°C and cooked to an internal temperature of 71°C on an impingement oven (Lincoln Impinger, Food Service Products Inc., Fort Wayne, IN) with an oven temperature of 176°C and a drag (belt speed) set at 22 min.
Cooking loss was determined on steaks by comparing the initial weight (before cooking) with the final weight (after cooking). Cooking loss, expressed as a percentage of weight loss, was calculated by [(initial weight -final weight)] × 100. After final cooked weight was recorded, steaks were cooled for 3 h at room temperature before coring, equilibrating temperature. Six 1.27-cm diameter cores were removed parallel to the longitudinal axis of the muscle fibers and shorn perpendicular to the direction of the muscle fibers with a WBSF attachment (V-notch blade) at a cross-head speed of 200 mm/min, attached to a Texture Analyzer (model TAXT2 Plus, Texture Technologies Group, Scarsdale, NY). Peak shear force values were recorded in kilograms, and the values from the cores were averaged to obtain a single WBSF value for each steak for statistical analysis.
Trained Sensory Panel
Sensory panelists (n = 9) were trained according to American Meat Science Association guidelines (AMSA, 1995) for steak evaluation. Steaks were cooked according to WBSF cooking procedures previously mentioned. Steak samples were identified by a randomized 3-digit number and kept warm by wrapping in heavy-duty aluminum foil and storing in Pyrex glass (World Kitchen, Charleroi, PA) containers. Cooked steaks (trimmed of all external fat and major connective tissue) were cut into 1 × 1 × 2.54 cm cubes and served to panelists seated in individual booths under red lighting. Eight samples were served per session in a randomized order at approximately 3-min intervals. Panelists were provided distilled water and unsalted-top saltine crackers to cleanse their palates between samples. Panelists evaluated each steak for initial and sustained tenderness, initial and sustained juiciness, beef flavor intensity, and overall acceptability using an unstructured line scale. Each line scale was anchored on the left (0 cm = tough for initial and sustained tenderness; dry for initial and sustained juiciness; none detectable for beef flavor intensity; and unacceptable for overall acceptability) as well as the right (10 cm = tender for initial and sustained tenderness; juicy for initial and sustained juiciness; pronounced for beef flavor intensity; and very desirable for overall acceptability) appropriately. Panelists entered data into a computer software program (Compusense 5, Compusense Inc., Guelph, Ontario, Canada). Scores of individual panelists were averaged to obtain a single value for statistical analysis.
Consumer Sensory Panel
Consumers (n = 77) were selected based on beef consumption, and the panel was completed in a replication of 4 sessions. Steaks were cooked to 40°C, turned, and cooked to a final internal temperature of 71°C on an open hearth grill. Cooked steaks were cut into 1.5-cm 3 samples. Samples were kept warm by wrapping in heavy-duty aluminum foil and stored in covered Pyrex glass containers. Each panelist received 1 cube from each sample in a statistically randomized order. Panelists were provided distilled water and unsalted-top saltine crackers to cleanse their palates between samples. Consumers evaluated samples with a 9-pt hedonic scale (1 = highly unacceptable to 9 = highly acceptable) for tenderness, flavor, juiciness, and overall acceptability (AMSA, 1995) . Scores of individual consumers were averaged to obtain a single value for statistical analysis.
Proximate Composition
Raw samples were trimmed of external fat, ground (Hobart model 4822, Hobart Co., Troy, OH) 3 times, and subsampled for determination of ash, protein, moisture, and ether-extractable lipid. Total ash content was determined as the residue after combustion at 550°C for 15 h. Protein content was calculated from the nitrogen content (%N × 6.25) analyzed by Kjeldahl (928.08, AOAC, 1997) 
Data Analysis
Data were analyzed as a completely randomized block design using the MIXED models procedure (SAS Inst. Inc., Cary, NC) for carcass characteristics, proximate composition, retail display, WBSF, consumer panel, and trained sensory panel with carcass/steak as the experimental unit. The model for carcass characteristics and proximate composition included treatment as the fixed effect. The model for retail display included the fixed effects of treatment, day, and the day × treatment interaction, whereas panelist was specified as a random effect for subjective color evaluation. The REPEATED measure statement in MIXED was used to determine the effect of day on objective and subjective color measurements during retail display. The model for WBSF data included the fixed effects of treatment and day as a covariate. The model for trained sensory panel included treatment as a fixed effect, whereas panelist was specified as a random effect. The model for consumer panel included treatment as a fixed effect, whereas panelist and replication was specified as a random effect. Least squares means were generated and separated using a pair wise t-test when the model displayed a treatment effect (P < 0.05), using the PDIFF statement of PROC MIXED.
RESULTS AND DISCUSSION
The main effects for carcass traits by treatment are reported in Table 2 . Jersey steers, regardless of treatment, did not differ (P > 0.05) in BW or HCW (Table 2). The current study paralleled both Bidner et al. (1981) and French et al. (2000) , who reported no differences in carcass weights between forage-fed and forage-supplemented cattle. Gorocica-Buenfil and Loerch (2005) reported heavier carcass weights for beef steers fed a reduced (5.2% corn silage, DM basis) forage diet compared with beef steers fed a greater (18.2% corn silage, DM basis) forage diet. Conventional feeding systems with a general emphasis on BW gain and fat deposition are due to the increased energy and decreased forage in the diet.
In the present study, there were no differences (P > 0.05) reported for dressing percentage, KPH, and USDA Yield grade between the Jersey treatment groups. Although KPH was not different in the present study, others have reported that internal (KPH) fat is greater for Jersey steers and bulls compared with Holstein steers and bulls (Talamantes et al., 1986; Barton et al., 1994 Barton et al., , 1997 , and at similar amounts of subcutaneous fat, Jersey carcasses had greater KPH and intramuscular fat than Holsteins (Butler-Hogg and Wood, 1982) . Because Jerseys deposit fat in various depot sites differently than Holsteins, Jerseys have greater trim loss (Lehmkuhler and Ramos, 2008) . Therefore, visual assessment of the degree of finish for Jersey steers does not properly represent total body fat and USDA Quality grades, resulting in the tendency to overfeed Jersey steers. Trim loss is critically important for production efficiency as it relates to optimal slaughter endpoints, and profitability, of finishing Jersey steers.
Jersey steers fed 12 or 24% forage (DM basis) had a smaller (P < 0.0001) LM area compared with COM. This could be attributed to either genetic potential or weight. In the current study the HCW differences between COM and Jersey cattle could clearly explain differences in LM area. If using the expected LM areas for weight (272.2 kg HCW = 71 cm 2 ) both Jersey treatments and COM were within a reasonable range of expected muscle for their respective weights. Further JL and COM had greater (P < 0.0001) backfat than JH. With the availability of greater energy, offered to the JL treatment and when compared with JH, this could have attributed to an increase in total fatness in all depots. Lehmkuhler and Ramos (2008) compared dairy beef genetics (Jersey vs. Holstein) fed different roughage levels (25 vs. 55%, decreased forage vs. increased forage, respectively) and discovered carcasses from decreased forage had a greater LM area compared with greater forage, although Holsteins had heavier carcass weights and greater dressing percentage and LM area when compared with Jerseys. Similarly, Gorocica-Buenfil and Loerch (2005) reported greater dressing percentage and backfat for beef steers fed a reduced forage diet compared with a greater forage diet, which agrees with the work of Camfield et al. (1997) , who reported an increase in backfat as dietary concentrate increased.
When averaged within treatment, marbling scores were 601 (Ch o ), 576 (Ch − ), and 504 (Se + ) for JL, JH, and COM, respectively. In the study completed by Lehmkuhler and Ramos (2008) , marbling scores did not differ by breed type (Jersey vs. Holstein), and were not affected by dietary treatment (25 vs. 55% forage), confirming Jerseys have a high propensity to deposit intramuscular fat (marbling; Albertí et al., 2008) on higher forage diets. The current study reported that USDA Quality grades did differ (P < 0.05) between JL (Ch o ) and JH (Ch − ). As well USDA Quality grades did differ (P < 0.0001) when comparing both Jersey treatment samples to COM samples. This was expected as these were selected to serve as a comparison with the typical commodity beef in the US retail case meeting a specific quality grade (>60% Low Choice and Select combined represent the commodity beef market) and these strip loins were not selected as a comparison of the feeding regimen or management system. The number of cattle marketed through quality and yield grade grids has increased during recent years (USDA, 2003) . To receive premiums and avoid discounts, quality grades must be at least Low Choice and the Yield grade must be less than 4. The present data (Table 3) indicate that regardless of feeding regimen at minimum long-fed Jersey steers produce carcasses with a USDA Quality grade of Ch − (JH) and a USDA Yield grade of 2.47 (JH) which would result in a favorable position on most marketing grids. Therefore, the ability for Jersey steers to perform in varying feeding regimens creates an opportunity for niche markets, which are sometimes challenged as a result of local feed production and management due to seasonal changes. However, the differences between JL and JH when viewed from an economic standpoint resulted in JL having greater degree of marbling and subsequently a greater quality grade (Ch o vs. Ch − ) with no difference in yield. The result of this finding (Table  3) indicate that under the market conditions during the time of data collection for the study, the JL treatment was worth $63.73 more in carcass value when compared with JH across all carcasses in the 2 treatments, suggesting that Jersey cattle can be fed in a conventional feeding regimen and maximize profit within their contemporary group.
One of the key issues affecting the demand for, and potentially the value of, Jersey beef in the marketplace is that Jersey carcasses are recognized in the beef industry as having more yellow fat than other breeds (Barton and Pleasants, 1997; Barton et al., 1994; Kruk et al., 1998; Pitchford et al., 2002; Siebert et al., 2003) . The principal carotenoid associated with yellow fat coloration is β-carotene (Morgan and Everitt, 1969; Strachan et al., 1993; Zhou et al., 1993) and when consumed is stored in the adipose tissue. Kruk et al. (1998) and Siebert et al. (2003) found that pure Jerseys had more β-carotene concentrations in their subcutaneous fat than Limousins and as result produced more yellow fat. The Jersey breed had more yellow appearing carcasses when compared with other breeds of cattle regardless of being finished on pasture (Barton and Pleasants, 1997) or in a feedlot system (Pitchford et al., 2002) . This is due to a mutation which causes β-carotene 9′,10′-dioxygenase (an enzyme which cleaves β-carotene to ultimately yield retinoic acid) activity to be lost and the cartotene to accumulate within the adipose tissue and cause a undesirable yellow fat coloration (Tian et al., 2010) . Fortunately, this can be managed to an extent, as cattle finished on grain-based diets resulted in more white fat compared with forage finished cattle (Schaake et al., 1993; Knight et al., 1996) . Pitchford et al. (2002) reported β-carotene concentrations were diluted and fat color scores were improved by grain-finishing for approximately 70 d.
The main effects for initial carcass instrumental color and other measured meat quality traits by treatment are reported in Table 4 . The adipose L* values, corresponding to lightness, resulted in the JH carcasses being darker (P = 0.02) than COM, with JL being intermediate. The adipose a* values corresponding to redness, resulted in COM carcasses being more red (P < 0.0001) than Jerseys regardless of dietary forage level. In the present study, there were no differences (P > 0.05) between treatment groups for adipose b* values; however, both Jersey treatments demonstrated numerically greater b* values. The yellow (+) and blue (−) spectrum is measured by b*, and positive b* values indicate a more yellow color of fat. With no statistical difference in b* values one can infer that high concentrate diets are a poor source of β-carotene; thus, the carotene is not present in great enough concentrations to result in yellow fat coloration. Additionally, Barton et al. (1994) reported a significant reduction in fat color scores of Jersey or Jersey-cross carcasses compared with Friesians from the time of slaughter to after a 48-h chilling period. The lean L* values did not differ (P > 0.05) between treatment groups, which could be attributed to the similar pH values (5.40 vs. 5.41 vs. 5.39 for JL and JH and COM, respectively). Correlation coefficients showed that pH was negatively correlated to lean L* values (Table 5 ; r = −0.13, P < 0.05), indicating (Table 5 ; r = 0.19, P < 0.05). Although not measured in the present study, the differences in lean b* values could have been due to differences in carotenoid concentrations within the lean adipocytes. Thus, increasing dietary forage (12 vs. 24% forage, DM basis) in finishing diets for Jersey steers did not affect adipose tissue color and lean color as measured 72 h PM. Although there were numerical differences they were not substantiated through statistical analysis indicating that these small differences in color would not be detectable by consumers when comparing Jersey with COM.
There was no difference between treatments in pH of the LM measured 24 h PM, and pH values were within a normal pH range (Table 4) . Drip loss (% purge) was not different between treatments (Table 4) . Ash and protein were not different (P > 0.05) between treatments (Table 6 ). Moisture did differ (P < 0.05) between JL and COM; JH were intermediate. The difference in intramuscular fat content of the LM was significantly greater (P < 0.05) for JL and JH compared with COM, paralleling marbling and USDA quality grade data. Jersey treatments had a 42 (JL) and 34% (JH) increase in intramuscular fat content compared Means within a row with different superscripts differ (P < 0.05).
1 JL = Jersey low forage, 12% sudangrass:alfalfa hay; JH = Jersey high forage, 24% sudangrass:alfalfa hay (DM basis); COM = commodity beef. Trait: FL, Fa, and Fb = adipose L*, a*, and b* values, respectively; LL, La, and Lb = lean L*, a*, and b* values, respectively; L* = lightness (100)/darkness (0); a* = red (+ value)/green (− value) spectrum; and b* = yellow (+ value)/blue (− value). MBS = US marbling score: Small = 500 to 599; Modest = 600 to 699; Moderate = 700 to 799; and Slightly Abundant = 800. IMF = intramuscular fat content. ***P < 0.0001, **P < 0.01, and *P < 0.05.
with COM. This supports the finding that JL and JH had greater (P < 0.0001) marbling scores and USDA Quality grades compared with COM (Table 2) , and it was determined that intramuscular fat values were highly correlated (r = 0.79, P < 0.0001) to marbling scores (Table 7) . Again, the COM loins were selected based on the greatest percentage of beef sold in the United States coming from the Se + and Ch − category. What is more important is the fact that JL (12% forage in diet) resulted in greater marbling scores and, as expected, a greater quality grade than JH (24% forage in diet). This indicates that Jersey cattle can be fed a conventional diet (meeting the industry standard) and result in beef that meets quality expectations according to the current USDA beef grading system.
We hypothesized that steaks from steers fed greater forage (24%) would maintain color stability better as a result of increased α-tocopherol content compared with other treatments. Subjective color panel scoring of color and discoloration for treatment groups during display are shown in Table 8 . A smaller number for display color and discoloration indicates bright red color and none, respectively. Statistical analysis reported no treatment × day interaction for discoloration scores; however, an apparent interaction was present for display color scores. We concluded the interaction was attributable to the rate at which the steaks from within treatment groups lost the red color over time in display (Figure 1 ). Display color scores for steaks remained less than 5.0 for the entire retail display period, regardless of treatment group. Steaks from the COM treatment had reduced (P < 0.05) display color scores (more desirable) than the JH treatment on all days of display (Figure 1 ). Discoloration scores increased over time of display as metmyoglobin increased on the surface of steaks during display. Steaks had approximately a 1-unit discoloration score greater on d 3 compared with d 2, and another 1-unit discoloration score increase on d 4 compared with d 3 (Table 8 ). Panelists preferred a bright red color and discriminated against any brown color observed.
Instrumental color readings were measured to complement visual color panel evaluations. Color coordinate values of L* (lightness), a* (redness), and b* (yellowness), as well as display color and discoloration scores, are reported in Table 9 . Jersey low forage were less (P < 0.01) red and yellow compared with JH and COM. Additionally, subjective overall scores across treatments indicated that JL had more (P < 0.05) consumer acceptance than COM in the retail case; JH were intermediate. As display time increased (Table 10) , all color coordinates (L*, a*, and b*) gradually decreased (P < 0.0001), indicating the steaks became darker, less red, and yellow, respectively. In agreement with results of the present study, O'Sullivan et al. (2003) observed that L*, a*, and b* values decreased over time on retail display. Forages, such as alfalfa hay, are rich sources of antioxidants (e.g., vitamin E). Several studies have demonstrated that dietary supplemental vitamin E resulted in α-tocopherol accumulation within the muscle tissue, contributing to the delay of oxymyoglobin and lipid oxidation, resulting in extended color stability of beef in the retail case (O'Sullivan et al., 2004) . In the present study, the increased dietary forage within the JH showed no real difference in color stability during retail display as measured objectively or subjectively. Beef tenderness is an important sensory attribute (Huffman et al., 1996; Miller et al., 2001) , and consumers are willing to pay more for beef products guaranteed to be tender (Boleman et al., 1997; Miller et al., 1998) . Even when Jersey steers were raised under pastoral conditions, Jerseys were superior in tenderness compared with other breeds (Purchas and Barton, 1976) . In the present study, the objective measure of tenderness also showed that steaks from Jersey steers, regardless of dietary forage, were more tender (P < 0.05) than those from COM cattle, with reduced (P < 0.05) WBSF values (Table 11) . Warner-Bratzler shear force values were negatively correlated with consumer and trained panelist perceptions of palatability (Table  7 ; r = −0.22 to −0.60) and marbling scores (r = −0.24) and intramuscular fat (r = −0.31), indicating that as WBSF values increased (became tougher) consumer and trained panelists scores decreased, and marbling scores and intramuscular fat decreased. This study indicated that tenderness and intramuscular fat as well as Means within a row with different superscripts differ (P < 0.05). 1 JL = Jersey low forage, 12% sudangrass:alfalfa hay; JH = Jersey high forage, 24% sudangrass:alfalfa hay (DM basis); COM = commodity beef.
2 NS = nonsignificant (P > 0.10). Table 7 . Correlation coefficients for consumer sensory panel and trained sensory panel attributes, Warner-Bratzler shear force value, and marbling score for Jersey (forage high and low) and commodity beef Trait: COA = consumer overall acceptability; TEND = consumer tenderness; CJUIC = consumer juiciness; FLAV = consumer flavor desirability; IT = trained initial tenderness; STEN = trained sustained tenderness; IJ = trained initial juiciness; SJ = trained sustained juiciness; BFI = beef flavor intensity; TOA = trained overall acceptability; IMF = intramuscular fat content. Consumer panel used a 9-point hedonic scale, where 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, and 9 = like extremely. Trained panel used a 10-cm continuous line scale with 0 = tough, dry, none detectable, and unacceptable and 10 = tender, juicy, pronounced, and very desirable for initial and sustained tenderness and juiciness, beef flavor intensity, and overall acceptability, respectively. WBSF = Warner-Bratzler shear force, kg. MBS = US marbling score: Small = 500 to 599; Modest = 600 to 699; Moderate = 700 to 799; and Slightly Abundant = 800. ***P < 0.0001, **P < 0.01, and *P < 0.05.
perceived marbling scores have a relationship; as toughness increases, total fat within the tougher samples will decrease. Trained panelists found steaks from JL steers to be more (P < 0.05) tender and have greater (P = 0.01) initial juiciness than steaks from COM cattle (Table 10) , whereas steaks from the JH steers were scored intermediate for these measured sensory attributes. Panelists scored steaks from JL and JH steers as having greater (P < 0.05) sustained juiciness, greater (P < 0.05) beef flavor intensity, and greater (P < 0.05) overall acceptability compared with steaks from COM cattle. These differences in beef flavor intensity in the present study were probably due, in part, to increased (P < 0.05) marbling scores, resulting in a greater quality grade than average COM beef and were consequently preferred by the trained sensory panelist. All measured consumer sensory responses were positively correlated to intramuscular fat (Table 7 ; r = 0.33 to 0.37, P < 0.01), whereas all trained sensory responses except initial juiciness, sustained juiciness, and beef flavor intensity were correlated to intramuscular fat (Table 7 ; r = 0.21 to 0.30, P < 0.05). Pitchford et al. (2002) reported that Jerseys had similar amounts of intramuscular fat as Wagyu and Angus, and similar to Wagyu had softer fat with a 6% lower melting point compared with other breeds. Cooking loss was not different between treatments (Table 10 ). This would imply that the fat would liquefy at lower temperatures in Jersey treatments, sustaining lubrication during the mastication process without being expressed during cooking. Although tenderness has been associated with protein-protein interactions, it clearly can be documented that fat plays an integral role with consumers who cannot differentiate between the effect of protein or fat or both. This association has been documented; greater amounts of intramuscular fat are associated with increased beef tenderness (Purchas et al., 1976) .
Juiciness is a key contributor to eating quality of steaks and plays a role in meat texture (Dransfield et al., 1984; Hutchings and Illford, 1988) . However, there was no significant difference reported for tenderness and flavor between the treatment groups; steaks from JL had numerically greater ratings than steaks from COM. All measured consumer and trained sensory attributes were moderately to highly correlated (Table 7 ; r = 0.19 to 1.00, P < 0.05). Consumer panel attributes had the greatest correlations between the measured attributes (WBSF, marbling score, and intramuscular fat) listed in Table 7 compared with the semi-trained panel attributes. This could be attributed to the different scale used for scoring. The findings of consumer panelists reported that differences between treatments for overall acceptability and juiciness could be detected. No differences in tenderness or flavor were denoted, whereas trained sensory panelists determined differences for all attributes measured. This result indicates that the trained sensory panelists were more acute in sensory evaluation, suggesting that differences in a consumer panel are confounded with one another and Means with different superscripts differ (P < 0.05). 
Conclusions
Regardless of dietary forage, Jersey had lighter carcass weights and smaller LM area, but had greater marbling scores, USDA Quality grades (as a result of selecting commodity beef for a specific grade and purpose), and intramuscular fat content but similar USDA Yield grades compared with commodity beef selected, meeting the industry average. Increasing forage in Jersey diets did not affect carcass adipose or lean color. Jerseys were found to have redder and more yellow lean color 48 h PM. Jerseys fed 24% forage (DM basis) had greater color stability during retail display, yet commodity beef color was preferred over the retail display time. Jerseys fed a conventional feedlot ration with 12% forage (DM basis) were preferred by trained panelists for tenderness and increased initial juiciness; furthermore, regardless of forage level Jerseys excelled in sustained juiciness, greater beef flavor, and overall acceptability compared with commodity beef representing USDA Ch − and Se + grades. Likewise, the consumer panelists preferred Jersey beef over COM for juiciness and overall acceptability.
Implications
Niche markets in the United States are a growing segment of the agricultural commodity market. Jerseys have always been a high marbling breed, but one that has been plagued with poor performance issues. This study indicates that Jersey beef can be produced in a conventional system in a reasonable time and result in beef that is equal to or better than COM meeting the standards (Ch -and Se + ) of the current US beef industry. Further comparing treatments, JL to JH forage Means within a row with different superscripts differ (P < 0.05).
1 JL = Jersey low forage, 12% sudangrass:alfalfa hay; JH = Jersey high forage, 24% sudangrass:alfalfa hay (DM basis); COM = commodity beef.
2
Instrumental color = Hunter L*, a*, and b*. carcass value differences indicate that under market conditions during the data collection period, JL (conventionally fed) carcasses were valued $63.73 greater than those on the high-forage treatment. Feeding Jersey steers in a conventional system is a potential niche market that fits current production expectations. Means within a row with different superscripts differ (P < 0.05).
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1 JL = Jersey low forage, 12% sudangrass:alfalfa hay; JH = Jersey high forage, 24% sudangrass:alfalfa hay (DM basis); COM = commodity beef. Consumer panel scores (n = 77) were based on a 9-point hedonic scale, where 1 = dislike extremely; 2 = dislike very much; 3 = dislike moderately; 4 = dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 = like moderately; 8 = like very much; 9 = like extremely.
3
Trained sensory panel scores including initial and sustained tenderness and juiciness, beef flavor intensity, and overall acceptability were evaluated on a 10-cm continuous line scale with 0 = tough, dry, none detectable, and unacceptable, respectively, and 10 = tender, juicy, intense, and acceptable.
